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cc:
Subject OMC-Waukegan Coke, Comment

Ref: Hoskkt, Alan F. et. al., Estimated Risk of Occupational Fatalities Associated with
Hazardous Waste Site Remediation, Risk Analysis, Vol.14, No. 6, 1994

Before selecting a remedy, I request USEPA apply the decision tool similar to that
presented in this article which proposes quantitation of risk for occupational fatalities.
This has been peer reviewed and uses valid US government data on fatalities
experienced by occupation. I today mailed you a copy. I believe USEPA is legally
obligated under CERCLA 121(b)(l)(G) to consider the "potential threat to human
health" posed by the actual remedy.

The method estimates the risk of experiencing at least one fatality for an 18 acre landfill
capping remedy as 0.012, or 1.2E-02 (one in eighty). The excavation scenario in the
referenced paper yielded a risk of at least one fatality of 0.149 (one in seven). The
remedies studied are of a scale similar to that proposed for this site. Risks for off site
traffic fatalities are added to this and estimated at about 5.0E-02 (one in twenty). In
simple terms, the probability of at least one fatality in connection with USEPA
proposed remedy at about one in ten.

In several ROD's, the USEPA has cited the risks of extensive excavation and disposal as
being unreasonably high but does not quantify them. A fatality risk of one in ten dwarfs
those posed by contaminants at the site. Please note that if the site is not cleaned up, the
risk of a fatality is essentially zero.

The authors have prepared a second article on non fatal injuries for activities at
remediation sites and is planning an article on the off site risks of transportation of
materials to and from hazardous waste remediation sites. These may be available to
support more detailed remedy evaluations.

These facts can be used to demonstrate to the public that the proposed remedy is
technically not feasible. We suspect that the Waukegan community has not been
informed of these risks, which they would find unacceptable. These real risks can be
mitigated only by reducing the proposed level of activity, especially the occupational
hours for laborers and truck drivers, who have the highest death rates. This means
dramatically reducing the amount of material handled at the site.

In some forums it is suggested that risks differ if they are assumed or not. While this is
questionable, there does not appear on the record any authority for USEPA to weigh
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these risks differently. I believe it is USEPA's legal obligation to fairly communicate
risks to the public. If USEPA has not explained to the Waukegan community the
increased risk they bear from truck traffic accidents or on-site occupational fatalities,
USEPA has not fulfilled its public notice obligations.

In conclusion, I ask USEPA to honor its obligations under CERCLA [121(b)(l)(G)] and
for public disclosure, before proceeding with any remedy at this location. Lastly, the
site environs may qualify under USEPA guidelines under the Environmental Justice
policy. It would be wholly inappropriate to take expeditious short cuts in the decision
process which dearly put at risk the members of this community.

Sincerely,

William K. Graham, P.E.
V*^

GlenEllyn,IL 60137
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Estimated Risk of Occupational Fatalities Associated with
Hazardous Waste Site Remediation

<• Alan F. Hoskin,u J. Paul Leigh,2 and Thomas W. Planek1
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This study presents a method to assess short term traumatic fatality risks for workers involved in
hazardous waste site remediation to provide a quantitative, rather than qualitative, basis for eval-
uating occupational exposures in remediation feasibility studies. Occupational employment and
fatality data for the years 1979-1981 and 1983 were compiled from Bureau of Labor Statistics
data for 11 states. These data were analyzed for 17 occupations associated with three common
remediation alternatives: excavation and landfill, capping, and capping plus slurry wall. The two
occupations with the highest death rates, truck driver and laborer, contributed most to total exposure
hours in each alternative. Weighted average death rates were produced for each alternative and
multiplied by respective total person-years of exposure. The resultant expected number of fatalities
was converted, using the Poisson distribution, to the risk of experiencing at least one fatality, as
follows: 0.149 for excavation and landfill, 0.012 for capping, and 0.014 for capping plus slurry
wall. These risks were discussed in light of the need to obtain more reliable and comprehensive
data than are currently available on the occupational safety and health risks associated with haz-
ardous waste site remediation and the need for a more scientific, quantitative approach to reme-
diation decisions involving risks to workers.

KEY WORDS: Occupations; fatalities; evaluation; exposures; hazardous waste site remediation.

1. INTRODUCTION

The U.S. Environmental Protection Agency (EPA)
provides guidelines for evaluating human health risks
associated with lifetime exposure to hazardous waste
sites."-2* These guidelines, however, provide only brief
mention of the potential for traumatic injury or fatality
to workers due to physical hazards associated with var-
ious types of remediation processes and recommend
simply "a qualitative assessment of worker risk" (Ref.
2. p. 20). While the guidelines are silent about the rea-
sons for this recommendation, it is apparently assumed
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either that the risks to workers due to physical hazards
are not significant compared to the health hazards or that
the site safety and health plan (see 40 CFR 311 and 29
CFR 1910.120) will adequately control them. While the
occupational risks may be qualitatively different from
risks to the general public by virtue of (presumably in-
formed) consent by and compensation of the workers to
accept the risks, that is insufficient reason to subject
those risks to a less scientific, qualitative analysis.01

The tendency to exclude dangers to workers from
discussions of risk in hazardous waste site remediation
appears in other settings as well. For example, assess-
ment models,(4) informal risk-based screening tools/5)
and state remediation laws'*' consider only health ex-
posures. The latter two examples use 10~* as an explicit
human cancer risk criterion.

The purpose of this paper is to present a method to
assess short-term risks to workers based on estimates of

0272-U31"W;i200.1<mSOTOO/l O 1994 Society for Risk Ajtilyiit
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the frequency of traumatic occupational fatality associ-
ated with hazardous waste site remediation processes.
This method can then be incorporated into site remedi-
ation feasibility studies. While other aspects of occupa-
tional risks, such as nonfatal injuries, should also be
considered, this paper focuses only on fatality risk.

To illustrate the application of this method to eval-
uation of remediation methods, three alternative ap-
proaches to remediation of a typical hazardous waste site
were evaluated. The three alternatives—excavation and
landfill, capping, and capping plus slurry wall—were se-
lected because they are among the most common re-
mediation techniques.

2. METHOD

An extensive review of the literature found no data
on occupational injuries or fatalities involving remedia-
tion activities, involving related activities in nonreme-
diation settings, or specific to the remediation industry.
Data were found on work-related fatality rates by oc-
cupations. Weighted combinations of those work-related
fatality rates were used as surrogates for remediation-
specific data.m

Work-related death rates for the occupations in-
volved in hazardous waste site remediation were taken
from a forthcoming study/" The number of deaths was
obtained from the U.S. Bureau of Labor Statistics (BLS)
Supplementary Data System (SDS). Estimated employ-
ment was compiled from BLS data.

The SDS file contains data extracted from the first
report of injury or illness that employers are required to
submit to state workers' compensation (WC) agencies/*'
The "extent of disability" item was used to select cases
resulting in death. Data files for the years 1979-1981
and 1983 were used for this study. No SDS file was
produced for 1982. All occupation data were coded ac-
cording to the 1970 U.S. Census occupation classifica-
tion. Not all states participate in the SDS program each
year. In total, 11 states were represented for the 4
years."0' These states contributed roughly 15 to 18% of
total U.S. employment, depending on the year.

The BLS occupational employment data comprised
three digit occupation codes based on 1970 U.S. Census
definitions of occupations for the years 1979-1983.ai)

An annual death rate for each occupation was based
on the number of deaths divided by the estimated num-
ber of persons employed using Eq. (1):

ItO I

2 2
-ZE.-P,

(1)

where t is the data years (1979, 1980, 1981, 1983), / is
the number of states reported (/ = 7 in 1979 and 1980;
/ «= 9 in 1981 and 1983), and D* is the number of job-
related deaths in the ith state in the rth year. E, is the
number employed in the year t for the total United
States. P, is the percentage of national employment con-
tributed by the seven or nine states in year r. The per-
centages of national employment were calculated for
each year: 17.11% (1979), 15.09% (1980), 17.11%
(1981), and 17.91% (1983).<«>

The overall incidence rate of occupational fatalities
for a remediation project is a weighted average of the
individual occupational fatality rates using the percent-
age distribution of the labor hours inputs as the weights.
Multiplying the Weighted fatality rates by the person-
years of exposure gives the expected number of fatalities
for a given project.

The Poisson distribution is commonly used to
model injury-producing processes because the number
of "failures" (injuries) is quite small compared to the
number of "trials" (opportunities for injury). The mean
of a Poisson distribution (|i) is the number of successes
in n trials, each with probability p of success, and is
defined as \i=np. If we assume that the incidence of
traumatic fatalities in remediation projects follows the
Poisson distribution, then the number of deaths predicted
by the fatality rate is the mean of the Poisson distribu-
tion. The death rate, expressed as deaths per person-year,
isp and the number of person-years required to complete
the project is n. The probability, or risk, of exactly x
fatalities in a project may be found by evaluating the
Poisson function for various values

fix) \i')/x[ (2)

Evaluating (2) with x = 1 gives the probability /(I) of
experiencing exactly one fatality during the course of a
remediation project -The probability or risk of experi-
encing at least one fatality is /(al) = 1 - f(0).

To demonstrate the application of this method to
evaluation of remediation projects, three alternatives
were developed. The first was excavation and landfill,
the second was capping, and the third was capping and
slurry wall. Labor inputs by occupation for each alter-
native were estimated by a contractor familiar with re-
mediation work and are shown in Table I.(14) The
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Table L Occupational Fatality Rates by Occupation and Remediation Alternative

Alternative 1:
Excavation and landfill

Oc-
cupa-
tion
code

245
452
Oil
085
010
161
372
441
415
751
436
481
522
430
412
642
715

Total

Occupational title

Manager
Inspector
Civil engineer
Safety officer
Chemical engineer
Surveyor
Secretary
Foreman
Carpenter
Laborer
Operating engineer
Mechanic
Plumber
Electrician
Dozer operator
Oiler
Truck driver
estimated hours

Death
rate

X 10-1

0.594
1.059
0.328
— '

0.244
0.543
0.029
1.172
0.694
3.290
2.158
0.541
1308
0.990
2.840
3.073
3.876

—

Esti-
mated

b

4,752
8.712
9,768
4,356
4,356

484
435fi

19,514
352

57,420
31,417

493
282
282

17,732
9,821

735.350
909,447

Percent-
age dis-
tribution
of hours

0.5
1.0
1.1
0.5
0.5
0.1
0.5
2.1

_ »
6.3
3.5
0.1

— »
_ »

1.9
1.1

80.9
100.0

Weighted death rate — — —

Weighted
rale

X 10-4

0.310
1.014
0.352
—
0.117
0.029
0.014
2.515
0.027

20.772
7.455
0.029
0.041
0.031
5.537
3.318

313.401
—

354.962

Alternative 2:
Capping

Esti-
mated

h

1.122
2,112
2.431
1.056
1.056

352
1,056
4,054

110
21.032
7,128

154
88
88

2,112
1,056

33,792
78.799

—

Percent-
age dis-
tribution
of hours

1.4
2.7
3.1
1.3
13
0.4
U
5.1
0.1

26.7
9.0
0.2
0.1
0.1
2.7
1.3

42.9
100.0
—

Weighted
rate

x 10-*

0.846
2.838
1.012
—
0.327
0.243
0.039
6.030
0.097

87.812
19.521
0.106
0.146
0.111
7.612
4.118

166.218
—

297.076

Alternative 3:
Capping and (lurry wall

Esti-
mated

h

1309
2J464
2.805
1,232
1032

352
1,232
4,659

110
23,379
9,181
__

88
88

2.699
1,349

40362
92^41

—

Percent-
age -dis-
tribution
of hours

1.4
2.7
3.0
13
13
0.4
13
5.0
0.1

253
9.9
0.0
0.1
0.1
2.9
1.5

43.6
100.0

—

Weighted
rate

x io-«
0.840
2.820
0.994
—
0325

~yj
19

5.900
0.082

83.117
21.410

—
0.124

. 0.094
8.283
4.480

J69.053
—

297.768
* No deaths reported.
»Less than 0.05%.

pertinent characteristics of the example site and the re-
mediation alternatives are shown in Pig. 1.

3. RESULTS

As shown in Table I, the 17 occupations involved
in hazardous waste site remediation tasks had widely
varying average annual fatality rates. The most hazard-
ous occupation was tbat of truck driver followed by la-
borer, oiler, and dozer operator. In contrast, secretary,
with a fatality rate more than 130 times lower than truck-
ers, was the safest occupation listed.

Alternative 1, excavation and landfill, represented
the most labor intensive remediation alternative of the
three with total estimated exposure of 454.7 person-
years. The two occupations with the highest death rates
per person-year contributed the most to total project
hours in this alternative. Truck drivers accounted for
more than 80% of the labor hours, while laborers were
responsible for another 6%.

Alternative 2, capping only, was the least labor-
intensive remediation alternative, with 39.4 person-years
of exposure. The total estimated hours for this procedure
was 91.3% less than the labor expenditure for excavation
and landfill. Even so, the weighted death rate was only
16.7% less than that found for Alternative 1. Truck driv-
ers and laborers were again the major contributors of
labor hours in this alternative. The apportionment of the
two group's contributions differed markedly in Alter-
native 2 from that present in Alternative 1, however. The
relative percentage of laborers' exposure was more than
four times higher than was the case in Alternative 1,
while trucker exposure in capping was almost 50%
lower than was estimated for the excavation and landfill
operation. Sizable differences in the labor requirement
mix for capping vs excavation and landfill were found
for most of the other occupations included in this anal-
ysis. In particular, increases in the proportional contri-
butions of foremen as well as civil and operating
engineers were projected for capping, compared with the
excavation and landfill procedures.
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Auumptioiu for all alternatives
The site was 20'acre*.
The site was assumed to be in a nonresidential area.
The lite required demolition of two 20 feet by 25 feet buildings, erection of a site security fence
(4,000 linear feel), site clearing, mobilization, and demobilization.
A mixture of Level C and Level D personal protection was used. Truck drivers and other workers
that should not come into contact with the contaminated soil were in Level D. Workers doing (lie
excavation work wore Level C protection.

*V

Additional assumptions for Alternative 1, excavation and landfill
The entire site was excavated to a depth of 15 feet
Two hazardous waste disposal sites were used for the excavated materials: one 100 miles away
from (he site and one 500 miles away from the site.
The excavated areas required backfill material from off-site. The backfill material source was 50
miles from the site.
The croundwater table was 6 feel below the ground surface. Therefore, a waste water treatment
system was required to treat the contaminated groundwater that was produced during the
dewatering of the contaminated soil below (he water table.
The excavated soil was a R.CRA hazardous waste and required stabilization before land disposal.

Additional assumptions for Alternative 2, capping
Of the 20 acre site, 18 acres required capping.
A RCRA-rype cap was used. This included 2 feet of clay above the contaminated soil, a geotextile
fabric layer, an 80 mil synthetic membrane. I foot of sand, another geotextile layer, 2 teet of
topsoil. and a vegetative cover.

Additional assumptions for Alternative 3, capping and slurry wall
The same cap was used as in Alternative 2.
The slurry wall was 4,000 feel long, 15 feel deep and 3 feet wide.

Fig. 1. Characteristics of the example site.

Alternative 3, capping and slurry wall, required
about 17% more total labor than capping alone, or 46.3
person-years of exposure. Nevertheless, Alternative 3
had almost the same weighted fatality rate. As might be
expected, in the capping and slurry wall operation, thick
drivers and laborers were represented to the same degree
as was the case for capping, with respective contribu-
tions of 43.6 and 25.3% to the project hours.

The expected number of fatalities was found by
multiplying the weighted fatality rates by the person-
years of exposure in each alternative. For example, mul-
tiplying 454.7 person-years of exposure by 3.55 X10"4

deaths per person-year gave 0.161 expected deaths as-
sociated with Alternative 1. Similarly, based on total
person-years of exposure, the expected fatalities

associated with Alternatives 2 was 0.0117 and Alterna-
tive 3 was 0.0138.

Conversion of the expected mean number of fatal-
ities into a probability, or risk, was done by evaluating
Eq. (2) with n = 0.161 and x = 1, which gave/,(l) =
0.137 (the subscript on / indicates the alternative num-
ber). That is, the probability of experiencing exactly one
fatality during the course of excavation and landfill is
0.137. The probability or risk of experiencing at least
one fatality was /j (zl) - 1 - /t(0) = 1 - 0.851 =
0.149. Similarly, the probabilities of experiencing at
least one fatality were /,(*!) * 0.012 for capping and
/,(sl) = 0.014 for capping and slurry wall. Thus the
workers' risk of fatality due to physical hazards is of the
order of 10"' to 10'1.



04/19/99 MQN 16:36 FAX 703 603 9100 L . S . superruno liu @]009

Occupational Fatalities and Remediation 1015

4. DISCUSSION

The fatality rate data used in this study were ob-
tained from government sources and had certain limita-
tions that should be discussed. Generally, these
deficiencies tended to result in rates that were more
likely to underestimate than overestimate the actual
safety and health hazards to which remediation workers
are exposed.
^ The occupational data used in this study were not

the most current available. SDS data are available for
the years 1976-1981,1983, and 1985-1988. Data for all
11 years could not be used, however, partly because
1970 U.S. Census occupation codes were used through
1983 and 1980 Census occupation codes were used for
1985 and later years.<15) A "cross-walk" manual relating
1970 to 1980 census codes was available, but it warned
that "as a result of the changes...most 1980 occupation
major groups and detailed categories are not comparable
to similar categories in the 1970 census. "<w>

Denominator data indicating the number of persons
employed in a given occupation for the 7 to 11 states
over 4 years had to be estimated. Annual, state-specific,
occupational employment data would have been pre-
ferred but could not be found and are not available from
the BLS. Equation (1) estimates were, however, based
on the most finely calibrated government data on occu-
pational employment available to the investigators.

The numerators showing the number of fatalities as-
sociated with each occupation included in this study were
obtained from workers' compensation (WQ data. Both
the validity and the completeness of these data have been
questioned."7'1" Stout and Bell<"> find that WC boards
discover only 57% of all fatal occupational injuries. Tos-
cano and Windau13" find that only about 44% of work-
related deaths are identified by WC records.

State WC programs do not cover all employees.<t7>
Among wage and salaried workers, roughly 88% are
covered. Self-employed persons may refuse coverage.
Federal government employees are excluded. Most states
exclude farm labor, domestic servants, casual employ-
ees, and maritime and railroad workers. A few states
provide exemptions for coverage for all public employ-
ees, but the coverage is voluntary in several states.

The tendency of death rates to be understated by
use of WC records may be offset to some extent by
OSHA's emphasis in recent years on safety in the con-
struction industry. That is, death rates in construction-
related occupations may be lower now than they were
in the years covered by the data in this study. A similar
argument may be made concerning heavy truck safety.

Another potential problem concerns national rep-
resentation. The numerators were taken from 11 states.
Components of the denominators were taken from all
states. BLS investigators have, nevertheless, expressed
confidence that the SDS data axe representative of the
national experience.*11-̂

Finally, fatality rates calculated here did not ac-
count for certain risk factors unique to hazardous waste
site remediation. For example, the rates were not ad-
justed for the potentially detrimental effects of the per-
sonal protective equipment (PPE) that workers are
required to wear by OSHA regulation (29 CFR
1910.120). These effects include heat stress and reduced
vision and hearing. Although no data were found that
provided a basis for adjusting rates to account for these
factors, occupational safety and health guidelines con-
sistently emphasize the increased risks hazardous waste
workers incur when wearing PPE. Compared with une-
quipped individuals, workers who must use PPE will be
subject to a considerable risk of developing heat stress
and most likely experience performance decrements as
well. The magnitude of these effects is markedly influ-
enced by both the type of PPE worn and the personal
physiological and health factors that can affect a work-
er's ability to function/12'

Although these limitations influence these findings,
their effect should not be exaggerated. The fatality rate
estimates are credible and fall within the range reported
in other studies. This observation applies in particular to
truck driver and laborer, the two occupations that are
predominant in remediation work. Rates used here were
39 (per 100,000) for truck drivers and 33 for laborers.
The CDC and Meng death rate estimates for these oc-
cupations were 60 to 70% higher.™ The Census of Fatal
Occupational Injuries (CFOI) reported 1992 rates of 25
for truck drivers and 34 for laborers and the National
Traumatic Occupational Fatality (NTOF) surveillance
system reported 1980-1989 annual average rates of 26
for transportation operators (including but not limited to
track drivers) and 17 for general laborers (not just con-
struction)^

The overall fatality rates for these projects, as
shown in Table I, were dependent primarily on just two
occupations: truck driver and laborer. Not only did these
two occupations have the highest death rates, but also
they contributed the greatest proportion of the labor in-
put to these projects—from 69 to 87%. Remediation al-
ternatives that reduce dependence on these two
occupations should be considered most desirable from
the point of view of minimizing the risk from physical
hazards.
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It is clear that occupational risks associated with
alternative hazardous waste site remediation methods
can be quantified and given the same scientific evalua-
tion as health risks. Those making decisions about site
remediation should undertake such evaluations so as to
minimize the physical (safety) risks to workers as well
as the health risks to the public.

Evaluation of worker risks should play an important
role in selecting the method by which a hazardous waste
site is cleaned up. As noted by Pease, technical and ec-
onomic considerations generally determine the level of
health risk reduction (within the target range of 10~* to
lO"7) at CERCLA sites.™ Worker injury risks are an
important aspect of technical feasibility.

Because of the disagreement among epidemiolo-
gists and economists with regard to the degree to which
workers understand the risks they accept or receive com-
pensating wage differentials, the qualitative differences
between worker injury risks and public health risks may
not be as great as is generally assumed. The fatality risks
to workers engaged in remediation, 10"1 to 10~J as
found here, are orders of magnitude greater than the 10'*
human cancer risk criterion often used in association
with remediation risk discussions*3-'' and actual cancer
risks to the general public. While no data are available
on either the average or the range of cancer risks asso-
ciated with hazardous waste sites, Travis and Hester
found that the lifetime cancer risk to individuals due to
local exposure to large point sources of pollutants "typ-
ically have maximum individual risks on the 10~3 to
10~* range, but because risk drops off rapidly with dis-
tance from the source, risk to the average individual is
typically in the 1Q-5 to 10'7 range."<">

The evaluation method used here can be extended
to other remediation methods such as excavation and on-
site incineration, steam removal, groundwater pumping,
air stripping, etc. One needs to know only the kinds of
occupations that will be used and the estimated number
of employee-hours required of each occupation. Fatality
rates for occupations not used in this paper are availa-
ble/')

A number of directions for future research are sug-
gested by these results. The extensive use of trucks to
transport both contaminated 'and backfill materials in-
volved in remediation projects suggests that there may
be considerable crash-related risks to other highway
users. Estimation of the rate of occurrence of such con-
sequent fatalities involving the public would also im-
prove the evaluation of alternative remediation
processes.

It would be desirable to produce incidence rates for
nonfatal injuries by occupation to provide a more bal-

anced analysis of the potential for injury associated with
hazardous waste site remediation.0^

Future analyses of job-related deaths would be
greatly improved if the federal government would reg-
ularly publish annual average U.S. employment for all
three-digit occupations and periodically publish
employment within three-digit occupations for each
state.

This study should be replicated with more recent
fatality and employment data. OSHA's emphasis on con-
struction safety and other developments in occupational
safety and health may have reduced the level of risk in
construction occupations. As noted before, however, the
current CFOI and NTOF data indicate the same general
level of fatality rates as found here.
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